The diversity of indigenous bradyrhizobia from soils collected at 11 locations in the 19 Philippines was investigated using PSB-SY2 local soybean cultivar as the host plant. 20 Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) 21 treatment for 16S rRNA, 16S-23S rRNA internal transcribed spacer (ITS) region and rpoB 22 housekeeping gene was performed primarily to detect the genetic variation among the 424 23 isolates collected. Then, sequence analysis of 16S rRNA, ITS region and rpoB gene was 24 performed for the representative isolates. Majority of the isolates were classified under 25 Bradyrhizobium elkanii, B. diazoefficiens, B. japonicum, Bradyrhizobium sp., and few 26 isolates were related to B. yuanmingense. Genetic variations observed through PCR-RFLP 27 and sequence analyses of the ITS region and rpoB gene generally occurred in B. elkanii, 28 suggesting an occurrence of gene transfer. Shannon's diversity index showed varied results 29 with a lowest score of 0.00 and highest at 0.98 indicating a very diverse population of 30 bradyrhizobia across the country. Among all the factors considered in this work, soil 31 management such as period of flooding and some soil properties provided major influence 32 on the distribution and diversity of soybean bradyrhizobia in the country. Thus, it is 33 proposed that the major micro-symbiont of soybean in the Philippines are B. elkanii for 34 3 non-flooded soils, then B. diazoefficiens and B. japonicum for flooded soils. 35 Importance 36
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MATERIALS AND METHODS
97
Soil Collection 98 Soil samples were collected from eleven locations previously/currently planted with 99 soybean and/or other legumes (Fig. 1) . Information on the study sites are summarized in 100 Table 1 . Surface litters were removed before obtaining a bar of soil with dimension of 20 101 cm depth and 2 to 3 cm thickness and weighed approximately 1 kg. The 1 kg of composite 31, 46, 76 T , 94, and 130 and B. liaoningense USDA 3622 T (33) were used as reference 154 strains. A 5.0 μl aliquot of the PCR product was digested with the restriction enzymes at 155 37°C for 16 h in a 20 μl reaction mixture. The restriction fragments were separated on 3 or 156 4% agarose gels in TBE buffer by means of electrophoresis and visualized with ethidium Sequence alignment and construction of phylogenetic trees 171 Basic Local Alignment Search Tool (BLAST) program in DNA Databank of Japan (DDBJ) 172 was used to determine the nucleotide homology. Sequences of type strains having similarity 173 with our isolates of at least 99% for 16S rRNA, 96% for ITS region and 98% for rpoB gene 174 were retrieved from BLAST database. The phylogenetic trees also included previously 175 determined sequences of 16S rRNA and ITS region Bradyrhizobium genospecies (32, 48) . 176 Alignment of sequences obtained were performed using ClustalW. Phylogeny was 177 determined by the Neighbor-Joining (38) method for the 16S rRNA, ITS region and rpoB 178 gene. Genetic distances were calculated using Kimura 2-parameter model (18) in the 179 Molecular Evolutionary Genetic Analysis (MEGA v7) software (19) . Phylogenetic trees 180 were bootstrapped with 1,000 replications of each sequence to evaluate the reliability of the 181 tree topology. All the nucleotide sequences determined in this study were deposited in 182 DDBJ at http://www.ddbj.nig.ac.jp/. 184 Only those isolates with reproducible fragments longer than 50bp in the electrophoresis 185 gels were used for cluster analysis. The genetic distance between pairs of isolates (D) was 186 calculated using the equation D AB = 1 [2N AB / (N A + N B )], where N AB represents the number of RFLP bands shared by strains A and B whereas N A and N B represent the numbers of 188 RFLP bands found only in strains A and B, respectively (27, 39) . The dendrogram were 189 constructed by Ward.D2 method in R software v.3.4.0. Diversity analysis was performed by 190 Shannon-Wiener diversity index as described previously (23, 29, 35) . To expound on the 191 community structure of dominant soybean bradyrhizobia, multi-dimensional scaling (MDS) 192 analysis using Bray-Curtis Index was employed also in R software. 194 To detect the relationship between the agro-environmental factors and the distribution of 200 A total of 771 isolates was obtained from the study sites with a range of 63 to 79 isolates 201 per location and were all used for the primary16S rRNA gene RFLP analysis. Samples were 202 labeled with the combination of the abbreviation of the sampling site (IS -Ilagan; Gamu; BA -Baguio; NE1 -1 st location in Nueva Ecija; NE2 -2 nd location in Nueva Ecija; SO -Sorsogon; LT -Leyte; BO -Bohol; NR -Negros; SK -Sultan Kudarat; and SC -South 205 Cotabato) and the number of the isolate (1-63 or 1-79) (e.g., for South Cotabato, SC -206 1-74).
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Cluster and diversity analysis of indigenous bradyrhizobia
193
Principal component analysis (PCA)
RESULTS
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Isolation of indigenous bradyrhizobia
207
We obtained 502 (65.11%) slow-growing (7-8 days) and 269 (34.89%) fast-growing (2-3 208 days) isolates. All the slow-growers which produced alkaline or neutral reaction in YMA 209 plates with BTB were considered as Bradyrhizobium (16). All the slow-growers produced 210 nodules on soybean and were used for the ITS region amplification. We were able to obtain 211 424 Bradyrhizobium isolates that were successfully amplified at approximately 900bp 212 amplicons using primers specific for bradyrhizobia. 214 The 424 isolates were all used for the RFLP treatment of ITS region and rpoB gene. The 215 phylogenetic trees according to the differences in fragment size and pattern from the RFLP 216 treatment of the ITS region and rpoB gene are presented in Figures 2 and 3 229 Presented in Figure 4 are the phylogenetic trees from the result of sequence analysis. For NR-40 that also belong to Bradyrhizobium sp.. Notably, genetic variations were detected on 237 specific isolates between the ITS region and rpoB gene. For example, SK-1 belonged to Be46 cluster in ITS region but it was reclassified into Be130 cluster in rpoB gene. 239 Moreover, the isolate NR-60 which belonged to Be cluster in the ITS region was noticeably 240 under Bradyrhizobium sp. in rpoB gene. For all isolates belonging to Be clusters, only 241 those that belong to Be94 remain unchanged from ITS region to rpoB gene (SK-2). No In Nueva Ecija (NE), wherein the location of samples was almost similar in all aspect 288 except for the soil water status, different species of bradyrhizobia dominated each location. Philippines. This signifies that cultural management such as waterlogging may affect the 295 population dominance of strains belonging cluster Bd110. This result is supported by our 296 previous reports where it was observed that the dominance of cluster B. 297 diazoefficiens USDA110 T was enhanced by flooding condition in the soil (37) and that 298 USDA110 cluster are dominant on fine-textured soil that are affected by water status and 299 oxidation-reduction potential in the soil (36). Additionally, it was reported that the 300 anaerobic condition in flooded soil of alluvial origin resulted in the dominance of B. 301 diazoefficiens USDA110 T (43) which is also similar our results. On the other hand, a study 302 stated that the diversity and abundance of Bradyrhizobium species were altered by cultural 303 management and other soil-related properties (54). In our results, about 16% from the total 304 population were classified under Bradyrhizobium sp. and these were found in both flooded 305 and non-flooded soils. Interestingly, these strains are even dominant in two locations (GI and NE2) and mainly found in the Luzon island. We considered that these strains are novel 307 species in the Philippines since the stated locations have no history of rhizobial inoculation 308 and we did not obtain any highly similar sequences from the BLAST engine for its 309 identification. diazoefficiens USDA110 T was proven to be a highly effective and efficient inoculant for 337 soybean (21, 46) including its complete denitrification ability (2, 14, 41, 43) that is 338 beneficial for climate change mitigation. The locations where these strains were isolated 339 had no history of USDA110 inoculation so these strains are considered indigenous. Further studies on the strains' characteristics, possession of denitrification genes, and symbiotic 341 relationship with different soybean cultivar in the Philippines will be helpful to test its 342 potential as an efficient and effective inoculant.
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PCR-RFLP analysis of 16S rRNA, ITS region and rpoB gene
Sequence analysis of 16S rRNA, ITS region and rpoB gene
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As expected, the abundance and widespread distribution of B. elkanii in the 344 Philippines is consistent with previous findings wherein this species is distributed in areas 345 with slight to moderate acidity and sub-tropical to tropical region (1, 24, 34, 44) . The 346 species and genetic diversity of B. elkanii is the highest among all the other species in this 347 report. However, it is worthy to note that aside from soil acidity and temperature, the The presence of B. yuanmingense as minor micro-symbionts of soybean in the Philippines added new information to existing literature especially for tropical 358 bradyrhizobia.
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We were able to determine that the major micro-symbionts of soybean in the Philippines 
